When expressed relative to first ovulation, LH levels were highest at 7 and 2 wk before first ovulation. Concentrations of prolactin in Exp. 1 were not significantly affected by photoperiod. It was concluded that supplemental lighting after 22 or 24 wk of age reduced ages at first ovulation and first estrus in heifers born from February to July. These effects of photoperiod were accompanied by changes in ovarian development. (Key Words: Photoperiod, Puberty, Heifer, Luteinizing Hormone, Ovary, Prolactin.)
I ntroduction
Reproductive activity in the adult domestic pig and domestic rabbit is not limited to one season of the year (Asdell, 1964; Thibault et al., 1966) . However, puberty in these species is regulated by daily exposure to light (Mahone et al., 1979; Berger et al., 1980; Kamwanja and Hauser, 1983) . In addition, while daylength did not affect estrous cyclicity, testicular size or spermatogenesis of adult cotton rats, onset of vaginal opening and testicular weight in prepubertal animals was altered by length of daily illumination (Meyer and Meyer, 1944; Johnston and Zucker, 1979) . Therefore, immature animals of some species may be responsive to photoperiod while adults are not. This may also be true for cattle because although reproduction of adults is not limited to a particular time of year (Hammond, 1927) , several reports (Menge et al., 1960; Roy et al., 1980; Little et al., 1981; Schillo et al., 1982a; Grass et al., 1982) have indicated a relationship between birth date and age at puberty in heifers. Schillo et al. (1983) found that heifers exposed to spring to fall conditions of temperature and photoperiod beginning at 6 mo of life were younger at puberty than those exposed to fall to spring conditions. Photoperiod may have been responsible for these differences because found that three of 10 heifers exposed to 16 h light/d were pubertal before 10.5 mo of age compared with 985 JOURNAL OF ANIMAL SCIENCE, Vol. 57, No. 4, 1983 at University of Florida on June 10, 2011 jas.fass.org Downloaded from zero of 10 exposed to natural autumn and winter photoperiods. Therefore, two experiments were designed to test whether supplemental lighting begun at 22 or 24 wk of age would reduce age of puberty. Serum concentrations of luteinizing hormone (LH) and prolactin (PRL) were measured in one experiment to investigate endocrine changes associated with supplemental lighting.
Materials and Methods

Exp. 1. Sixteen Angus and Angus crossbred
heifers, born between April 21 and July 4, 1980, were paired according to birth date and assigned randomly within pair to either 18 h light/d (L) or natural photoperiods (N), beginning at 22 wk of age. The heifers were weaned approximately 1 wk before beginning the experiment. Photoperiod was controlled as described by Hansen et al. (1982) . The shed providing shelter for the L group measured 6.8 x 4.9 m o and had 24 fluorescent bulbs, each 40 watt, 1.2 m long and suspended approximately 1.6 m above eye level of the heifers. These light s were on from 0300 to 2100 h each day. Animals were group fed long hay ad libitum, supplemented with about 3.4 kg of a grain mixture, head -1" d -1 .
Estrus was determined at least twice daily by visuai observation of mounting behavior. A vasectomized bull was constantly with each group to facilitate estrous detection and the bulls were periodically rotated between groups. Beginning at 22 wk of age, blood samples were taken via jugular venipuncture at weekly intervals to measure LH and PRL concentrations. At 34 to 35 wk of age, blood sample frequency was increased to twice weekly to monitor serum progesterone concentrations. Blood samples were taken during periods of light, generally in the morning. Ovarian volume (estimated as described by Hansen et al., 1981) and structures were determined by rectal palpationseach week, starting at 23 wk of age. Age at first ovulation was defined as the age at which progesterone concentrations were first greater than 1 ng/ml serum for at least two consecutive samples, if preceding first estrus. Otherwise, first ovulation was considered to have occurred at first estrus.
The heifers were weighed and height at the withers measured at 28 d intervals beginning at 22 wk until the first period after first estrus. Size at puberty was interpolated.
Procedures to measure serum concentrations of LH, PRL and progesterone were as described by Schillo et al. (1982b Schillo et al. ( , 1983 except that NIAMDD-bLH-4 was used for the LH standard, initial dilution of LH antiserum was 1:40,000, all PRL samples were assayed at a dose of 100 /~1 serum/tube and initial dilution of progesterone antiserum was 1:6,000. Percentage progesterone extracted from serum with glassdistilled hexane averaged 98%. Mean intraassay coefficients of variation (CV) were 7, 11 and 10% for LH, PRL and progesterone, respectively. All serum LH levels were measured in a single assay. Interassay CV were 3% for PRL and 14% for progesterone. Mean limits of detection were .16, 2.12 and .07 ng/ml for LH, PRL and progesterone, respectively.
Statistical Analysis. Initial analyses indicated no significant effect of pair or interaction with pair on any traits measured. Data for age at first ovulation and first estrus were analyzed by Wilcoxon's two sample test (Steel and Torrie, 1960) because there was heterogeneity of variance between groups that could not be removed by transformation.
The first animal ovulated at 37 wk of age. Therefore, effects of photoperiod on growth rate were calculated from 22 to 34 wk to avoid confounding of photoperiod effects on growth rate with effects on proportion of animals that were pubertal. By chance, the N heifers tended to be heavier (P<.12) and taller at the withers (P<.08) than the L heifers at the beginning of the experiment. Weight and height measurements were therefore analyzed by least-squares analysis of variance with photoperiod and pair as effects and weight or height as covariates. Both covariates were included in the model for analysis of weight/height at first estrus.
The data for LH, PRL and ovarian volume were analyzed after log transformation by least-squares analysis of variance using a splitplot design with photoperiod, age and their interaction as effects. The rate of ovarian growth from 22 to 36 wk of age was calculated for each animal by regressing ovarian volume on time and differences between groups were tested by one tailed t-test. Estrus and body size were determined as in Exp. 1 beginning at 24 wk of age, except that height at the withers was measured every 56 d. Heifers were artificially inseminated at all estrous periods to either Longhorn or Guernsey bulls. Each animal was rectally palpated each week from 24 wk until after first estrus and later palpated for diagnosis of pregnancy. If a corpus luteum was palpated before first estrus, ovulation was presumed to have occurred 10 d previously. This time was chosen because we were unable to identify a corpus luteum before 6 d after ovulation. Therefore, the average age of a corpus luteum the first time it was palpated would be about 10 d [(6 + 13)/2]. No blood samples were taken.
Exp. 2. This experiment was designed
StatisticalAnalysis. Weight and weight/height at first estrus were analyzed by least-squares analysis of variance. Other traits were analyzed ignoring the effect of birth group because initial analyses indicated effects of birth group and birth group • photoperiod were nonsignificant. Effects of photoperiod on age at first estrus and services/conception were analyzed by Wilcoxon's test. Differences in percentage conception at first service were determined by chi-square. Ovarian volume was tested by least-squares analysis of variance after log transformation with photoperiod, age and their interaction as effects in the model. Other traits were analyzed by one or two-tailed t-test. The first animal became pubertal at 39 wk of age so changes in weight and height were calculated from 24 to 40 wk of age for the same reasons as for Exp. 1. The 10% level was used as the level of significance for both Exp. 1 and 2.
Results and Discussion
Age at Puberty and Conception. Heifers exposed to L were younger at first estrus and first ovulation (P<.01 in Exp. 1 and P<.10 in Exp. 2; table 1). One heifer in group L of Exp. 1 ovulated three times before first estrus. In addition, three of eight heifers exposed to L and one of eight exposed to N in Exp. 1 had serum progesterone concentrations greater than 1 ng/ml, 2 to 4 d before first estrus. GonzalezPadilla et al. (1975) , Schams et al. (1981) and Schillo et al. (1983) found similar, short term elevations in progesterone before puberty. In Exp. 2, four heifers exposed to L and two exposed to N ovulated before first estrus.
Because extension of photoperiods to 18 h/d reduced age at first ovulation and estrus, the effect of season during the second 6 mo of life on age at puberty observed by Schillo et al. (1983) may have been due to differences in photoperiod. There is the implication that daily exposure to light affects sexual maturation of heifers as well as in Siberian hamsters (Hoffman, 1978) , white-footed mice (Johnston and Zucker, 1980) , meadow voles (Grocock, 1981) and sheep (Foster, 1981; Yellon and Foster, 1982) , even though unlike these species, cattle are not seasonal breeders.
Age at conception was not significantly affected by photoperiod in Exp. 2 (table 1). Though differences were not significant, services/conception tended to be greater, and percentage conception at first service lower, for group L than group N. The Spearman's rank correlation coefficient between age at first estrus and services/conception for group L was -.54 (P<.10), suggesting fertility was altered by light treatment because animals exposed to L were younger at first breeding than animals exposed to N.
The data for age at first estrus of Exp. 1 were regressed on birth dates (January 1 = d 1; December 31 = d 365) to determine if age at first estrus was related to birth date and whether exposure to supplemental light altered the relationship. Animals born later in the year tended to be younger at first estrus for group N (y = 421 -.344 x; r = -.61; P<.12) but not for group L (y = 345 --.178 x; r = --.15; P>.25). Most heifers exposed to N became pubertal in June (figure 1). Perhaps winter conditions delayed the onset of puberty as has been observed by Grass et al. (1982) . Consequently, heifers born later in the year were younger at first estrus because they were younger at the transition from winter to spring. There was greater variance in puberty date BIRTH DATE DATE OF FIRST ESTRUS Figure 1 . Dates of birth (triangles) and first estrus (circles) for heifers exposed to 18 h light/d (18L:6D) after 5 mo of age or natural photoperiods (Exp. 1). Note the greater synchronization in dates of first estrus for the group exposed to natural photoperiods. Because of this, animals born later in the year in this group were younger at first estrus. d 2 (L) vs 157 d 2 (N); P<.05] for L than N and the relationship between birth date and age at first estrus was small for heifers exposed to L. Photoperiod may, therefore, have been the environmental stimulus responsible for the synchronization of dates of first estrus in group N. Correlations of birth date with weight at 22 wk of age and average daily gain (ADG) were small and nonsignificant (data not shown) so the effects of birth date on age at first estrus were not associated with differences in body weight or growth rate.
The regression of age at first estrus on birth date for data of Exp. 2 resulted in the following equations: y = 417 -.251 x (r = -.19) for group N and y = 440 -.738 x (r = -.32) for group L. As in Exp. 1, there were no significant correlations of birth date with weight at the start of the experiment or ADG. Variance of age at first estrus was greater (P<.10) for group L (3,272 d 2) than for group N (1,061 d 2) and there was a similar tendency for date of first estrus (2,983 d 2 vs 1,364 d2).
Effects of birth date on age at puberty are difficult to interpret because the seasons of the first and second 6 mo of life are confounded and both influence onset of puberty (Schillo et al., 1983) . Differences in the effects of birth date between these two experiments may be attributed to differences in birth dates, puberty dates and periods of exposure to supplemental lighting. In addition, because photoperiod regimens were discontinued on March 23 in Exp. 2, L heifers born later in the year were exposed to supplemental photoperiod for a shorter period of time than heifers born earlier in the year.
Growth Rate. Growth rate was measured to determine if the effect of photoperiod on age at first estrus was mediated by differences in growth rate because age at puberty was negatively associated with body weight before puberty (Menge et al., 1960; Laster et al., 1972; Grass et al., 1982) and long photoperiods have been reported to increase ADG (Peters et al., , 1980 in heifers. Average daily gain and change in height at the withers from 22 to 34 (Exp. 1) or 24 to 40 (Exp. 2) wk of age were not affected by photoperiod (table 1), in agreement with results of Roche and Boland (1980) for bull calves. Therefore, growth rate was probably not related to the photoperiod effect on onset of puberty.
Because heifers exposed to L were younger at first estrus, they were generally lighter in weight, not as tall, and thinner (based on weight/ height) at this time than heifers exposed to N (table 1). There were birth group x photoperiod interactions (P<.05) for weight and weight/height at first estrus in Exp. 2 (data not shown) as differences between photoperiod groups were greater for May-born heifers than for March-born heifers.
Ovarian Volume and LH. Average estimates of ovarian volume are presented in figure 2 . In both experiments, ovarian volume increased significantly with age. Photoperiod did not significantly affect ovarian volume in either experiment. In Exp. 2, there was a tendency for ovarian volume to be larger for L than N at 24 wk of age and this difference persisted throughout the experiment. There was a photoperiod x age interaction (P<.06) in Exp. 1, because the rate of ovarian growth was greater for L (284 +-74 mm3/wk) than for N (145 + 65 mm 3/wk, P<. 10).
Serum concentrations of LH for the animals of Exp. 1 are presented in figure 3 . Neither photoperiod nor photoperiod x age significantly influenced LH levels between 22 and 36 wk of age or when expressed relative to first ovulation. In other experiments, serum concentrations of follicle stimulating hormone (FSH) and(or) LH were not affected by seasonal variations in temperature and photoperiod after 6 mo of age in heifers (Schillo et al., 1983) or by daily duration of light in bull calves (Bourne and Tucker, 1975; Stanisiewski et al., 1982 ). Yet, ovarian growth was greater for L than for N in Exp. 1. Hansen et al. (1981) observed similar effects of season on ovarian volume. Perhaps ovarian development was affected by hormones other than gonadotropins that responded to photoperiod. Figure 3 . The effect of photoperiod on serum concentrations of luteinizing hormone from 22 to 36 wk of age (top panel) and relative to first ovulation (bottom panel) in Exp. 1. There were no significant effects of photoperiod or photoperiod X age. There was an effect of age (P<.O1) when values were expressed relative to first ovulation, but not when expressed from 22 to 36 wk of age. 18L:6D = 18 h of light and 6 h of dark/d.
There was no effect of age between 22 and 36 wk of age on LH concentrations (figure 3). In contrast, Schams et al. (1981) found an increase in LH levels from 5 to 9 mo of age. When LH concentrations were calculated relative to first ovulation, there was an effect of age (P<.01). Levels of LH were highest for both groups at 7 and 2 wk before first ovulation. Swanson et al. (1972) also observed increases in serum LH concentrations as heifers approached puberty.
Prolactin. Photoperiod did not significantly influence PRL concentrations between 22 and 41 wk of age. Absolute levels were high in both groups compared with those found by and Schillo et al. (1983) . In the present experiment, concentrations of PRL averaged within animal between 22 and 41 wk were 107 + 15.3 (L) and 95 + 21.0 ng/ml (N). Disparate results were reported by , who found that heifers exposed to short photoperiods had lower levels of PRL than heifers exposed to long photoperiods. Stress has been reported to increase PRL levels in cattle (Johke, 1970) . Perhaps stress associated with bleeding increased PRL levels so that differences between groups were not apparent.
In conclusion, these experiments have shown that age at puberty in the bovine female can be altered by photoperiod even though they are not seasonal breeders. The effect of photoperiod was accompanied by changes in ovarian growth rate in one experiment, but not by changes in serum LH concentrations or growth in body size. Initial evidence indicates that conception rate is lower in heifers exposed to supplemental lighting and further research is needed to further document and delineate the cause for this effect, if supplemental lighting is to be used as a means of reducing age at first calving.
